Introduction. We examined the perinatal outcomes and right ventricular function before pregnancy, during pregnancy, and after delivery in women with Ebstein's anomaly. Material and methods. We retrospectively investigated the clinical course and mode of delivery and monitored hemodynamic parameters throughout pregnancy in 17 women with Ebstein's anomaly who delivered at our institution during the period of 1995-2015. Results. Eight women, including nine pregnancies, underwent elective cesarean section, and nine women, including 14 pregnancies, underwent vaginal delivery. Elective cesarean section was performed in cases with significant heart failure or arrhythmias and in the presence of more than two of the following: cardiothoracic ratio ≥60%, moderate or severe tricuspid valve regurgitation, tricuspid valve regurgitation pressure gradient ≥35 mmHg during pregnancy. The cardiothoracic ratio and tricuspid valve regurgitation pressure gradient significantly increased during pregnancy compared with prepregnancy values. The New York Heart Association classification deteriorated from class I to class II or III in five cases during pregnancy. Conclusions. Although pregnancy was relatively safe among women with Ebstein's anomaly, some women developed cyanosis, arrhythmia, and heart failure, leading to elective cesarean section. Monitoring clinical and hemodynamic changes throughout pregnancy is advised to minimize maternal cardiac risk and select the appropriate mode of delivery.
Introduction
Ebstein's anomaly is a rare congenital malformation with an incidence of one in 200 00 live births [1, 2] . Ebstein's anomaly is characterized by apical displacement of the septal leaflet of the tricuspid valve, which is accompanied by regurgitation, and a distal functional small right
Key message
Serial monitoring of right heart function and clinical presentation is advised in order to select the appropriate mode of delivery for women with Ebstein's anomaly.
ventricle. The common cardiac malformations associated with Ebstein's anomaly include atrial septal defects (ASDs) or patent foramen ovale (PFO) in 50-94% of women and Wolff-Parkinson-White syndrome in 6-36% of women [1] [2] [3] . The clinical presentation and disease severity vary in patients with Ebstein's anomaly; these depend on anatomic and hemodynamic factors, including right cardiac function, severity of tricuspid valve regurgitation (TR) and associated cardiac malformations [4] . Women who reach childbearing age are generally asymptomatic until adulthood, and pregnancy is considered feasible [3, 5] . However, some women with Ebstein's anomaly experience severe maternal complications during pregnancy as a consequence of increased right heart dysfunction. It is difficult to evaluate right heart function accurately in women with Ebstein's anomaly. Several review articles described the perinatal outcomes in women with Ebstein's anomaly, but few studies reported helpful parameters associated with right heart dysfunction [2, 3, 5, 6] .
This study aimed to investigate the course of pregnancy and mode of delivery in women with Ebstein's anomaly, including the hemodynamic changes associated with right ventricular function.
Material and methods

Study population
We identified 17 women with Ebstein's anomaly at our institution between 1995 and 2015. According to the Japanese Circulation Society guidelines [7] , we selected to deliver by elective cesarean section (CS) women meeting the following criteria: cyanosis with saturation level <90%, uncontrolled arrhythmias or New York Heart Association (NYHA) functional class >II, and women who met more than two the following criteria: cardiothoracic ratio (CTR) ≥60%, moderate or severe TR, and TR pressure gradient (TRPG) ≥35 mmHg during pregnancy. All women had been diagnosed with Ebstein's anomaly before they became pregnant. We retrospectively reviewed the medical records of 17 women with 23 pregnancies and evaluated the mode of delivery, gestational age, birthweight, maternal events, and fetal and neonatal events. Serial changes in hemodynamic parameters, namely, CTR from chest radiography, and severity of TR, TRPG, left ventricular fractional shortening (LVFS), and left ventricular end-diastolic dimension (LVDd) were obtained using echocardiography during the prepregnancy period, during pregnancy (within four weeks before delivery), and at six or more months after delivery. NYHA Functional Classification was used to evaluate heart failure.
Statistical analyses
Data for normally distributed continuous variables are presented as mean AE standard deviation. Data for variables without a normal distribution are presented as median with the interquartile range. Data for categorical variables are presented as numbers and relative frequencies. The continuous variables at different time points were compared using repeated measures ANOVA, with post-hoc analysis using the Tukey-Kramer method. The differences in categorical variables were analyzed by the rank test using Spearman's correlation coefficient, and the differences in continuous variables were assessed using Student's t-test. A value of p < 0.05 was considered statistically significant. All statistical analyses were performed using JMP PRO, version 11.2.0 (SAS Institute Inc., Cary, NC, USA).
Ethical approval
The study design was approved by the appropriate ethics review board in our institution (No. 3585, 15 September 2015). )] or underwent surgical closure for ASDs/PFO, one patient had undergone pacemaker implantation, and three had undergone catheter ablation. Two patients experienced cyanosis with an arterial oxygen saturation of 85 and 87%, respectively, and two women had received antiplatelet or anticoagulation therapy. In these women, antiplatelet therapy was continued during pregnancy, but anticoagulation therapy was discontinued during pregnancy. Table 2 shows the perinatal outcomes. We followed the clinical course of pregnancy and selected the appropriate time and mode of delivery. In most of the CS cases with a cardiac indication (identified as cases a-g), right heart failure developed or recurrence of arrhythmia occurred during the late second and third trimesters, requiring oxygen or medical treatment in three pregnancies (case c, d, and g) or anti-arrhythmic drugs or cardioversion in three pregnancies (cases a, c, and f). In particular, two women with associated cyanosis (cases c and d) had a ª 2018 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 97 (2018) 1025-1031 low oxygen saturation level (<85%) caused by increased right-to-left shunt and severe heart failure. In the vaginal delivery (VD) group, we selected painless delivery or assisted delivery for patients with ASD/PFO or a history of arrhythmic events during pregnancy. Case i had a mild right-to-left ASD shunt and an arterial oxygen saturation level of 92% and underwent a preterm VD at 33 weeks of gestation because of premature rupture of membranes in the second pregnancy. The mean gestational age and mean birthweight in the CS cases was significantly lower than that in the VD cases: 35 AE 4 weeks vs. 38 AE 2 weeks (p = 0.02) and 2186 AE 663 g vs. 2758 AE 469 g (p = 0.02). A patient with ASD (case f) experienced a paradoxical cerebral embolism at two months after delivery as a consequence of discontinuing warfarin. There were three cases of intrauterine growth retardation and two cases of small-for-gestational-age. There were no fetal deaths and no babies had congenital cardiac anomalies. In the CS cases, >50% of the deliveries were preterm deliveries of low birthweight infants; therefore, fetal respiratory complications and infections occurred. Figure 1 shows the serial changes in hemodynamic parameters in 23 pregnancies. The CTRs changed significantly at each pregnancy stage (p = 0.001) and tended to increase during pregnancy compared with those before pregnancy CTRs (prepregnancy, 52 AE 5% vs. during pregnancy, 55 AE 6%; p = 0.09). The number of cases with CTR ≥60% increased to six during pregnancy, from none before pregnancy; all six patients underwent an elective CS (Figure 1a) .
Results
Regarding echocardiography parameters, TRPG changed significantly at each pregnancy stage (p = 0.02) and increased significantly during pregnancy compared with that before pregnancy: prepregnancy, 20 AE 6 mm Hg vs. during pregnancy, 26 AE 10 mm Hg (p = 0.03). Cases with TRPG ≥35 mmHg increased to six during pregnancy from none before pregnancy and five of these patients underwent elective CS (Figure 1b ). The differences in CTRs and TRPGs before pregnancy and after delivery were not significant. The LVFS or the LVDd tended to increase during pregnancy compared with before pregnancy, but there were no significant changes in relation to these parameters throughout the pregnancies and deliveries (Figure 1c,d) . Table 3 shows the serial changes in severity of TR and the NYHA classification. The TR severities were not significantly different during all pregnancy stages. No case showed deteriorated TR severity that was more than moderate during pregnancy compared with that before pregnancy [prepregnancy, 61% vs. during pregnancy, 56% vs. post-delivery, 61% (p = 0.63)] and eight of 13 patients with at least moderate TR underwent elective CS. Most cases exhibited NYHA classification class I; however, five cases deteriorated to class II or III during pregnancy, and elective CS was carried out in these cases. These cases returned to the prepregnancy NYHA classifications after delivery.
Discussion
In this study, we describe the relation between the cardiac hemodynamic profile and the mode of delivery in women with Ebstein's anomaly.
Several important physiological changes occur in the cardiovascular system during pregnancy [8, 9] . The plasma volume increases by 30-50% in the third trimester of pregnancy, and increases in both stroke volume and heart rate occur due to elevated catecholamine levels. Therefore, an increased preload leads to deterioration of TR and elevations of right atrial pressure cause cyanosis. Moreover, the enlarged right heart compresses the left ventricle, and right heart failure as well as left diastolic heart failure occurs [6] . The accompanying elevations in the circulating catecholamine concentrations may result in a predisposition to arrhythmias. The Valsalva maneuver may induce an interatrial right-to-left shunt in patients with ASDs or PFO, and increase the risk of a paradoxical embolus [2] . In such patients, elective CS or a painless VD can reduce the hemodynamic stress associated with delivery [8, 10] , and an assisted VD can shorten the second stage of labor [10] [11] [12] . Therefore, in our institution, 47% of the 17 women underwent CSs; 50% of the 14 VDs were forcepsor vacuum-assisted deliveries, and 57% of the 14 VDs were performed under epidural analgesia. In our study, 18% of the 17 women developed significant heart failure that required medical intervention during pregnancy, of which the incidence is reported to be less than 0.5% in healthy women, 3.1% for women with Ebstein's anomaly, and 4.8% with all congenital heart diseases [13] . Arrhythmias that required medical intervention during pregnancy occurred in 18% of women in our study, whereas its incidence has been reported as 3.9% in association with Ebstein's anomaly, 4.5% with all congenital heart diseases, and <0.5% in the general population [13] . One patient in our study had a paradoxical cerebral embolism after delivery, which has been reported as 2.2% in association with all congenital heart diseases and 0.1-0.2% in the general population [13] . The higher incidence of adverse maternal complications in our study suggests that our study included severe cases. The fetal complication rates in this study were similar to those reported previously [13] . The CARPREG risk score [14] , ZAHARA risk score [15] , and modified World Health Organization risk classification [11] can be used to predict cardiac complications during pregnancy. Moreover, a baseline NYHA functional class >II, cyanosis or prior arrhythmia events are associated with adverse pregnancy outcomes. The Japan Circulation Society guidelines [7] suggest that elective CS should be considered for women who have cyanosis, uncontrolled arrhythmias or unstable hemodynamics. However, although it is difficult to evaluate objectively the symptoms associated with right heart failure that characterize Ebstein's anomaly, it is important to select the appropriate mode of delivery.
We delivered by CS women with cardiac indications on the basis of the following hemodynamic parameters: CTR ≥60%, at least moderate TR or TRPG ≥35 mmHg during pregnancy. Katsuragi et al. [6] reported that an increase in the CTR was associated with the worst pregnancy and postpartum outcomes, and that most cases with moderate-to-severe TR developed cardiomegaly with a CTR of >60% during pregnancy. In our study, TR severity was almost unchanged during pregnancy compared with before pregnancy; however, CTR tended to increase, and all cases with CTR ≥60% during pregnancy presented with at least moderate TR before pregnancy. These findings demonstrate that the CTR and TR severity were useful for predicting right heart failure during pregnancy.
In our study population, TRPG increased significantly during pregnancy compared with prepregnancy. This suggests that the elevation of left ventricular end-diastolic pressure caused by the compression of the left ventricle by the enlarged right heart, might induce retrograde pulmonary hypertension. However, breakdowns in circulation from inhibited left-heart inflow indicating low output syndrome or cardiac shock were not detected, because the LVDd and LVFS were unchanged. The TRPGs remained low at <35 mmHg in two cases with cyanosis during pregnancy. We speculated that elevation of the right atrial pressure reduced the TRPG and the increase in the interatrial right-to-left shunt prevented left heart compression. Therefore, after excluding two cases with cyanosis, TRPGs ≥35 mmHg during pregnancy could be a useful predictor of left diastolic heart failure.
Our results should be interpreted in the context of the limitations that are associated with retrospective observational studies with small patient cohorts that are followed at single centers, hence biases may be present within the data resulting from varying patient backgrounds including associated malformations, history of surgery or past pregnancies. In this study, not all women had undergone cardiac surgery for repair of the tricuspid valve; some women with Ebstein's anomaly require surgery when they are neonates and young infants. The women in this study had relatively mild clinical courses associated with Ebstein's disease, and the clinical courses of women with more severe disease during pregnancy and after delivery remain unclear.
In summary, pregnancy is relatively safe for women with Ebstein's anomaly. We showed that deterioration of the CTR and TRPG and the TR severity are objective parameters associated with right heart failure during pregnancy. Because it is difficult to estimate all maternal cardiac risk factors at prepregnancy, monitoring serial changes in the hemodynamic parameters and clinical presentation throughout pregnancy is advised, and the appropriate mode of delivery should be selected. 
